Objective: To study the short-and long-term effects of vasectomy on the testis and epididymis in adult male Swiss albino mice. Methods: Healthy adult male Swiss albino mice were divided into three groups, viz., control group (n=6), sham control group (n=6) and vasectomized experimental group (n=12). Vasectomy was performed on the mice in the vasectomized experimental group, and the sham-operated control group were made to undergo a surgical procedure but not vasectomy. Half of the animals in the vasectomized experimental group were sacrificed on the 20th day, and the remaining mice were sacrificed on the 70th day after vasectomy. The testis and epididymis were collected and preserved in Bouin's fluid. The control and sham control animals were sacrificed on the 70 th day of the experiment, and the testis and epididymis were collected and fixed using Bouin's fluid over 24 hours. Qualitative evaluations of testicular sections were supplemented by the semi-quantitative testicular biopsy score count (TBSC) and histometric assessments (volume of parenchyma and stroma, surface area of lining epithelium, diameter of seminiferous tubules and ductus epididymis, height of epithelium) of various tissue components. Stained sections were subjected to stereological procedures using a microscope. Results: Vasectomy did not affect the weight of the testis and epididymis, but it significantly reduced the tissue component of the seminiferous tubules in short-term vasectomized mice. The same was observed in normal and long-term vasectomized mice. A reduction in diameter of the seminiferous tubules and ductus epithelium was observed in short-term vasectomized mice, whereas long-term vasectomized mice showed a significant increase in cauda of the epithelium of the ductus. Only long-term vasectomized mice showed a significant decrease in epithelial height compared with control and sham control animals.
INTRODUCTION
Vasectomy is a procedure that is commonly performed for birth control, mainly as a permanent family planning measure to prevent further conceptions and retrograde infection of the epididymis. 1 It is also indicated for disputed rejuvenating effects in males. In all the five-year plans, much importance was given to the family planning programme, and incentives were provided to men who had undergone vasectomy operations. The operations are done on a mass scale. Every man who undergoes vasectomy will have a number of doubts regarding sperms production, sexual potency and the reversibility of the operation. Sexual potency is not affected by a vasectomy, and with the advancement of surgical techniques, methods have been developed to reverse this previously permanent procedure. 2 In approximately 90% of cases, a vasovasostomy restores the potency of the vas deferens, as measured by return of sperm to ejaculate. 3 Many factors may contribute to persistent infertility after successful anatomical reanastomosis of the vas deferens, including immunologic responses and the presence of high titres of serum antisperm antibodies. 4 The reversal may be affected by the length of time the vas deferens has been disrupted, and it also possible that are changes in the functions of the epididymal epithelium after a vasectomy. [5] [6] [7] The epididymis has two primary functions: (a) the cauda epididymis serves as the primary storage site for sperm prior to ejaculation; and (b) the epididymal epithelium of the caput epididymis secretes proteins and other components required for maturation of sperm. 8, 9 Ligation of the vas deferens in a vasectomy may disturb the microenvironment of the epididymis through mechanical pressure on the epithelial cells. 10 The short-and long-time effects of a vasectomy on the testis and epididymis are not clear. Hence, the present work is undertaken to investigate the short-and longterm effects of a vasectomy on the testis and epididymis in adult male Swiss albino mice.
MATERIALS AND METHOD

Animals
Healthy adult male Swiss albino mice (25-30 g) were used in the experiment. The experimental animals were obtained from the central animal house of the Rajah Muthiah Medical College, Annamalai University. After randomization into various groups, the mice were acclimatized for a week to adapt to the experimental laboratory conditions. All the animals were maintained according to the recommendations of the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), India. The mice were fed with standard rodent pellets (Hindustan Limited, Bangalore, India) and water ad libitum. The study was approved by the Institute Animal Ethics Committee, and all the animal experiments were performed in accordance with the guidelines of the CPCSEA.
Method
Twenty-four healthy adult male Swiss albino mice were divided into three groups as follows: Group I: Normal control (6 animals) Group II: Sham-operated control (6 animals) Group III: Vasectomized experimental group (12 animals) The normal control group were not subjected to any surgical procedure, and the sham-operated control group was subjected to a surgical procedure without a vasectomy. The vasectomized experimental group of animals was sacrificed 20 days and 70 days after the vasectomy, with the day of the operation being treated as day 0. The animals in groups I and II were sacrificed on the 70th day of the experiment. The testis and the epididymis were separated and trimmed free of adipose tissue and connective tissue. The weights of the testis and epididymis were recorded. They were fixed in Bouin's fluid for a total period of 24 hours. After fixing, the tissues were processed for light microscopy, and blocks were prepared using paraffin wax. The tissues were cut with a thickness of 6, 7 mm and stained with haematoxylin and eosin and connective tissue stains. The stained sections of testis and epididymis were examined under a light microscope at low power (×100) and high power (×400). A qualitative study was made of the tissue components and significant alterations recorded. The qualitative evaluations of the testicular sections were supplemented with the semi-quantitative testicular biopsy score count (TBSC) to estimate the extent of testicular alteration. 11, 12 To perform histometric assessment of the tissue components, the stained sections were subjected to stereological procedures using a microscope. The volume of parenchyma and stroma, surface area of the lining epithelium, diameter of the seminiferous tubules and ductus epididymis and the height of the epithelium were measured.
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Operative procedure
All surgical procedures were performed with sterile precautions, under xylazine (16 mg/kg, i.m.) + ketamine (60 mg/kg, i.m.) anaesthesia. 1 The anterior abdominal wall was shaved and cleaned with spirit. The operation was performed by a 1.25 cm long midline incision in the suprapubic region, and the muscular and peritoneal layers were cut. The right testis was gently squeezed out of the scrotal sac and delivered through the abdominal wound. The vas deferens was identified along with the vassal artery, and it was dissected free from the vas deferens. Two ligatures were made on the vas deferens 0.5 cm apart with 4-0 non absorbable suture thread (about 1 cm proximal to the base of bladder). The vas deferens was then transected between the ligatures, and a 0.4 cm long segment was removed. After the vasectomy, the testis was replaced in the scrotum. Care was taken not to allow the testis to remain in the abdominal cavity. The same procedure was performed on the left testis. Then the peritoneal, and muscular layers of the anterior abdominal wall were sutured, using '00' chromic catgut. The skin was closed by interrupted sutures using black cotton thread. The wound site was cleaned and disinfected with betadine and soframycin, respectively. After recovery form anaesthesia, the animal was transferred to a hygienic cage contains fasting grill. After 1 hour, the animal was allowed free access to drinking water, and 3 hours after the operation, it was fed standard rodent pellets.
The procedure was duplicated for the sham-operated control animals. In brief, the incision was made, and the vas deferens was exposed but not ligated or transected. The incision was closed in the same manner.
The post-operative period was uneventful. Post-operatively, the scrotal sacs were checked on alternate days for 2 weeks. No animals developed cryptorchidism after surgery. The sutures were removed on the 8 after the operative day. The wounds healed well in all the animals. None of the animals had a wound infection.
Volume estimation
The volume of the paranchyma and stroma were estimated by a point count using the eyepiece reticule at low magnification. The reticule was mounted on the eyepiece diaphragm, which is situated at the focal plane of the eyepiece lens. The reticule consisted of 100 small squares formed by 11 horizontal and 11 vertical lines. The points of intersections of lines were referred to as 'hits' or 'points'.
The volume was calculated using the formula Vi = Pi/ PT, where Vi = volume of tissue component per unit volume of tissue, Pi = number of points touching the tissue component and PT = total number of points in the reticule.
Surface area estimation
The surface area of the lining epithelium per unit volume of tissue was measured by an intercept count using the same reticule at low magnification. There were 22 lines in the reticule. The length of each line was 1 mm.
The surface area was calculated using the formula Sv = 2P/L, where Sv = surface area of the tissue component (epithelium) per unit volume of tissue, P = number of points of intersection between the lines of the reticule and the free surface of the tissue component (epithelium) and L = sum of the length of all the lines in the reticule.
Epithelial height estimation
The height of the secretory epithelium was measured using an ocular micrometer at high magnification.
Diameter of tubules
The diameter of the tubules was measured using an ocular micrometer. The diameter of the tubules was calculated using the formula D = (L+B)/2, where D = diameter of the tubule, L = length of tubule and B = breath at right angle to length of tubule (L).
Results
The weights of the testis and epididymis of the control and experimental animals are provided in Table 1 . There was no significant change in the experimental group compared with the control or sham-operated controls.
Normal histological features of intact control mouse testis:
The testis of normal animals was covered by a thick, white, fibrous connective tissue capsule. Internal to the tunica albuginea there was a layer of vascular loose connective tissue that surrounded and supported the seminiferous tubules inside. This interstitial loose connective tissue contained clusters of eosinophilic endocrine cells, the interstitial cells of Leydig, which produce testosterone. The seminiferous tubules were lined with a modified stratified cuboidal epithelium, called the seminiferous epithelium. This germinal seminiferous epithelium contains two cell types, the spermatogenic cells, which produce sperm, and the supportive Sertoli cells, which nourish the developing sperm. This epithelium was resting upon the basement membrane of the seminiferous tubules. Spermatogenic cells were arranged in developmentally higher order from the basement membrane to the lumen, namely spermatogonia, spermatocytes, spermatids and spermatozoa (Plate 1a).
Normal histological features of intact control mouse epididymis:
The epididymis of normal animals has a dumbbell-shaped structure on the dorsolateral aspect of the testis. It is made of a long, highly coiled tube, the ductus epididymis, supported by vascular connective tissue. The epididymis was conventionally divided into three parts, namely the caput (head), corpus (body) and cauda (tail). Each of the parts can further be divided into proximal and distal segments, based on the structure and function. There is also Beneath the epithelium there is a layer of circularly arranged smooth muscle fibres. This muscle layer increases in thickness gradually from the head to the tail. The lumen of the ductus epididymis gradually increases in width from the proximal end to the distal end, and it reaches the maximum size in the distal part of the cauda and is loaded with sperms (Plate 1d).
Histological features of vasectomized mouse testis:
There was no testicular alteration, and the epithelium was intact, with normal spermatogenesis, in testis from sham-operated control mice compared with intact controls (TBSC=10). However, in the vasectomized (short-term) group, the seminiferous tubules showed thinning of the seminiferous epithelium, affecting spermatogenesis. These testes also showed a reduction in number of spermatozoa and the presence of a conspicuous lumen in the seminiferous tubules. The spermatids were also scanty, giving a TBSC score of 7. Many spermatids were found inside the lumen of the seminiferous tubules (Plate 5a). The histological appearance of testis from the vasectomized (long-term) group is shown in Plate 5b. These animals showed restoration of the seminiferous epithelium and spermatogenesis. Many spermatozoa were seen attached to the Sertoli cells. The TBSC score was 9.
Histological features of vasectomized mouse epididymis: The initial segment of the epididymis of all vasectomized (short-term) animals showed a dilated lumen (Plate 6a) and reduced epithelial height compared with control animals (Plate 6b). in the proximal part of the caput and cauda epididymis the lumen contained many spermatids and few sperms. It also contained eosinophilic globules (Plate 7) and occasional multinucleated giant cells (Plate 8).
It was interesting to note that there were structural and functional differences between the proximal and distal parts of the cauda in short-term animals. The proxi-
Plate-1:
Sections from testes of control animal shows normal histological features of (a) clumps of spermatozoa attached to sertoli cells, H&E, 100 X; (b) columnar epithelium with no sperms in the lumen, H&E, 100 X; (c) caput epididymis which has low columnar ciliated epithelium with few sperms in the lumen, H&E, 100 X; (d) cauda epididymis which has cuboidal ciliated epithelium and the lumen is loaded with plenty of sperms, H&E, 100 X 
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mal cauda contained more eosinophilic bodies and few sperms, whereas the distal cauda had plenty of normal, healthy sperms (Plate 9). similar observations could be made regarding the corpus epididymis (Plate 10).
Another interesting observation about these vasectomized (short-term) animals was the presence of vacuolated cells spread among the tall columnar principal cells in the epithelium of the caput and corpus (Plate 11).
Restoration of normal histological features of the epididymis was noticed in the long-term vasectomized animals. This included epithelial height restoration and storage of a greater number of spermatozoa (Plates 12).
Histometric analysis of testis:
Quantitative analysis of the various tissue components of the testis showed that there was a significant increase (p < 0.05) in the volume of the seminiferous tubules at the expense of the connective tissue component in the vasectomized (short-term) group of animals ( Table 2 ). The increase in volume of the seminiferous tubules was due to the dilatation of the lumen. This is also evident from Table  3 , which shows an increase in the diameter of the seminiferous tubules. However, in the vasectomized (longterm) group of animals, the volume of seminiferous tubules was not significantly altered compared with the intact or sham-operated controls.
Histometric analysis of epididymis: The morphometric data of the epididymis are presented in tables 4 and 5 (volume of tissue components and epithelial surface area and height, respectively). No marked change in the experimental animals is discernible from Table 4 , which shows the volumes of various tissue components of the epididymis. On the other hand, the surface area of the ductus epididymis of the caput and cauda showed a significant increase in vasectomized (shortterm) experimental animals. The height of the epithelium of the cauda was reduced, whereas the diameter of the caput was increased in these animals (Table 5) . All the values are mean ± SEM (n=6). *p<0.05compared with intact control group (one-way ANOVA followed by Bonferroni test). 
Discussion
Adult male albino mice were used in this study because the spermatogenesis in these animals is a continuous process, resembling that of the human model, they are easy to handle and have good immunogenic power and their cost is low compared with other animals. These mice also withstand ketamine anaesthesia and operative procedure well. The effect of vasectomy on the testis varied from (a) complete degeneration of the seminiferous tubules, including hypertrophy and hyperplasia of interstial tissues, (b) early degeneration, followed by regeneration, and (c) complete arrest of spermatogenesis to (d) no effect on spermatogenesis. Mice sacrificed 20 days (short term) after vasectomy showed a reduction in the number of spermatozoa, depletion of spermatids and thinning of the germinal epithelium, affecting spermatogenesis. The spermatids were shed into the lumen of the seminiferous tubules, and the same were transported into the epididymis, as evident from the histological observations. So it can be inferred that the spermiogenesis process of the spermatogenesis process was affected in these cases. The present finding is in agreement with the findings of Peng et al., who studied the effect of vasectomy on spermatogenesis in rhesus monkeys. They observed sperm granuloma, reduced diameter of seminiferous tubules and increased the number of type A spermatogonia in vasectomized animals.
Singh and Chakravarty, observed a generalized depletion of germinal cells in mouse testis 30 and 45 days after bilateral vasectomy even though the testis presented a normal histological appearance. 16 According to Handley et al., the testicular changes after vasectomy may be secondary, a consequence of an inflammatory reaction or obstruction of the excurrent duct system. 17 The second part of the present investigation is the longterm study. Testes obtained from mice sacrificed 70 days (long term) after vasectomy displayed restoration of the seminiferous epithelium and spermatogenesis, as evident from the increased number of spermatozoa seen attached to the Sertoli cells. Restoration of the epithelium is further supported by the presence of a large number of spermatozoa in the epididymis. Rangam et al. , demonstrated that the structural and functional changes produced in the testis after a vasectomy are purely transient in rats. They noticed testicular degeneration in rats in the first few weeks after a vasectomy, followed by regenerative changes resulting in restoration of the testicular structure to normality in six weeks. 18 The primary function of epididymis is storage of sperms prior to ejaculation, and this function is carried out especially by the cauda (tail). Recent evidence suggests that the epididymis participates in the maturation of spermatozoa by secreting some glycoproteins that are incorporated into the plasma membrane of the maturing spermatozoa. 8, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The epididymis also creates the luminal microenvironment required for maturation of sperms by secreting some substances into and absorbing other substances from the lumen of the epididymal duct. Many workers have studied the effect of vasectomy on the epididymis and tried to find out the mechanism by which sperms are disposed in the epididymis. From a study conducted on dairy bull Amann and Almquist reported that most of the spermatozoa produced by the testis are reabsorbed primarily by the cauda epididymis and not by the ductus deferens. 20 Although the aforementioned investigators have proposed many sites for sperm disposal, they have not convincingly proven them. In the present short-term study, the lumen of the caput epididymis contained lot of spermatids and cellular debris as well as a few sperms. But when these reached the cauda, the number was reduced, indicating there is luminal breakdown of these structures, mainly spermatids. It is possible that they are endocytosed by the vacuolated cells or clear cells observed among the lining epithelial cells. These types of cells were noticed earlier by moore and Bedford and by Hermo et al. and were involved in disposal of cytoplasmic droplets shed by the luminal sperms.
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The other interesting finding of the present investigation is the presence of two different types of luminal contents in two adjacent segments of the cauda in experimental animals. The proximal cauda is filled with a lot of cellular debris and eosinophilic globules as well as a few spermatids and sperms and occasional macrophages, whereas the distal cauda is filled with a lot of healthy sperms (Plate 12b). This observation leads us to postulate that the proximal cauda is involved in intraluminal breakdown and phagocytosis, while the distal cauda is principally involved in storage of spermatozoa, where the microenvironment is congenial for this.
CONCLUSION
The disruption/thinning of the seminiferous epithelium, with reduction in spermatogenesis, observed in short-term vasectomized mice could be due to fluid pressure acting back on the testis, and it is purely a temporary phenomenon. Restoration of the seminiferous epithelium to the original thickness and renewal of spermatogenesis occur 70 days after vasectomy or even earlier. The proximal part of the epididymis may be involved in luminal breakdown of trapped spermatozoa, apart from transport and maturation of spermatozoa, in vasectomized animals.
